AUSSAT battery life test program by Pickett, D. F., Jr. et al.
AUSSAT BATTERY LIFE TEST PROGRAM 
P.W. GORIAN 
Aussat P ty  Ltd, El  Segundo, Ca l i fo rn i a  
D.F. PICKETT JR.,  R.S. BOGNER, T . I .  CHAO, J.P. JORDAN, K.B. CLARK 
Hughes A i r c r a f t  Company, E l  Segundo, Ca l i fo rn i a  
ABSTRACT 
AUSSAT P ty  Ltd, t he  Aus t r a l i an  National  S a t e l l i t e  organiza t ion ,  
has  con t r ac t ed  wi th  t h e  Hughes A i r c r a f t  Company (HAC) f o r  t h e  
cons t ruc t ion  of 3 s a t e l l i t e s  based on t h e  now f a m i l i a r  HS-376 product 
l i n e .  A s  p a r t  of t h e  AUSSAT con t r ac t ,  HAC i s  conducting a n  ex tens ive  
NiCd b a t t e r y  l i f e  t e s t  program. This  paper desc r ibes  t h e  l i f e  t e s t  
program, i t s  ob jec t ives  and t e s t  r e s u l t s  t o  da te .  P a r t i c u l a r  emphasis 
i s  given t o  t h e  eva lua t ion  of t he  FS2117 sepa ra to r  a s  a f u t u r e  
replacement f o r  t h e  Pe l lon  2505 sepa ra to r  of which only a very l i m i t e d  
quan t i t y  remains. 
BACKGROUND 
-
The AUSSAT s p a c e c r a f t  design shown i n  Figure 1 is  based on t h e  s tandard  
HS-376 product l i n e .  However t he  unique payload requirements of t h e  
AUSSAT mission have pushed t h e  mass and power design l i m i t s  of t h e  
HS-376 bus, p a r t i c u l a r l y  i n  t h e  power subsystem. The major f e a t u r e s  of 
t h e  power subsystem a r e  summarised on Table 1. 
The spacec ra f t  employs two 27 A-hr. NiCd b a t t e r i e s .  Each b a t t e r y  
con ta ins  32 c e l l s  configured as 4 s epa ra t e  packs, each pack hold ing  8 
c e l l s .  The c e l l s  themselves a r e  a sca led  up vers ion  of those previous ly  
used by HAC on t h e  HS-376 product l i n e ,  and manufactured by General  
E l e c t r i c  (GE). The major c e l l  des ign  parameters a r e  l i s t e d  i n  Table 2. 
For thermal c o n t r o l  each pack employs a r a d i a t o r  f i n  and packs a r e  
evenly loca t ed  around t h e  spun s h e l f .  A b a t t e r y  hea t e r  c o n t r o l l e r  
a c t i v e l y  maintains  t h e  packs above 5°C. A b a t t e r y  charge and 
recondi t ion ing  u n i t  (BCRU) provides four  s e l e c t a b l e  charge r a t e s  and two 
s e l e c t a b l e  recondi t ion ing  r a t e s .  
Due t o  power l i m i t a t i o n s  i t  was not  poss ib le  t o  s i z e  t he  medium charge 
s t r i n g  t o  a l low p a r a l l e l  h igh  r a t e  charging of bo th  b a t t e r i e s .  Hence 
t h e  s e q u e n t i a l  post-ecl ipse charging scheme i l l u s t r a t e d  i n  Figure 1 was 
proposed. In t h i s  scheme one b a t t e r y  would be f u l l y  charged a t  t h e  h igh  
2M+T r a t e ,  while  t h e  o t h e r  b a t t e r y  i s  t r i c k l e  charged a t  t h e  T-rate. 
The charging r a t e s  would then  be reversed  t o  enable  charging on t h e  
l a t t e r  b a t t e r y  t o  be completed a t  t he  high r a t e .  I n  order  t o  limit any 
p o s s i b l e  s i d e  e f f e c t s  from the  long t r i c k l e  charge appl ied  t o  t h i s  
b a t t e r y  before  high r a t e  charging can be appl ied ,  i t  was f u r t h e r  decided 
t o  r o t a t e  t h e  b a t t e r y  i n i t i a l l y  placed on t r i c k l e  charge a f t e r  each 
e c l i p s e .  
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Vir tual ly  a l l  space f l i g h t  NiCd b a t t e r i e s  have been b u i l t  using the  
Pellon Corporations 2505 non-woven nylon fabr fc  as the  separator.  
Unfortunately production of the material  was discontinued i n  1976 and 
recent  attempts t o  commercially reproduce the  separator have f a i l ed .  GE 
expects t h e i r  supply of the 2505 separator t o  be committed by ea r ly  
1985. A s  such i t  was proposed by HAC t o  use the opportunity presented 
by the  AUSSAT l i f e  t e s t  program t o  evaluate the FS2117 material  a s  a 
replacement f o r  the  Pellon 2505. 
The US government agencies have a l so  been a l e r t ed  t o  the l imited amount 
of Pellon 2505 avai lable .  A jo in t  USAF/NASA evaluation program f o r  
qual i fy ing a replacement separator is  pending. USAF/NASA a r e  
negotiat ing with Pellon i n  the  USA t o  produce a new separator s imi la r  t o  
the FS2117. This is  not a r e f l e c t i on  on the FS2117 but a des i re  t o  have 
a domestic r a t he r  than a foreign source, According t~ reference 2,  l i f e  
t e s t i n g  on c e l l s  with the  new domestic separator i s  scheduled t o  
commence during Mayj1985 with preliminary r e s u l t s  available a year l a t e r .  
LIFE TEST OBJECTIVES 
The object ives  of the l i f e  t e s t  program are  seen a s  foflows: 
o To adequately qualify the scal ing of t he  Hughes th i rd  generation 
NiCd ba t t e ry  t o  the AUSSAT A-hr. name p l a t e  rat ing.  The previously 
t e s t i n g  c e l l s  were 21.6 A-hr. a s  opposed t o  the  27.5 A-hr. 
nameplate capacity required f o r  AUSSAT. 
o To provide a check on the manufacturing processes and materials  a t  
the  c e l l  vendor (G.E.) a t  a point just  pr ior  t o  the production of 
the  f i g h t  c e l l s .  
o To provide BOL and EOL indicat ions  of the  performance t o  be 
expected from the  battery.  
o To ve r i f y  the  new sequential  bat tery  post-eclipse charging scheme 
proposed by HAC. 
o To evaluate the performance of the  FS2117 separator. 
I n  addi t ion the  t e s t  program must provide a t  l e a s t  a preliminary 
indicat ion of f l i g h t  ba t t e ry  performance a s  ear ly  i n  the program a s  
possible and ce r ta in ly  p r io r  t o  launch. 
LIFE TEST DESCRIPTION 
In  order t o  meet the object ives  defined above, a continuous 900 cycle 
throughput t e s t  and a 20 season r e a l  time GEO ec l ipse  shortened s o l s t i c e  
t e s t  were se lected,  
The throughput t e s t  i s  a continuous cycling t e s t  i n  which a 10 c e l l  
engineering pack i s  discharged a t  14 amperes (C/2) f o r  1 hour t o  give a 
nominal 50% depth of discharge, and then charged a t  2.8 amperes (C/10) 
f o r  7 hours t o  a 140% recharge return.  The engineering pack i s  
maintained a t  10°C. Testing a t  3 discharge/charge cycles per day i s  
only in te r rup ted  f o r  reconditioning and environmental chamber 
maintenance. Individual  c e l l  reconditioning is performed when the c e l l  
voltage on discharge f a l l s  below 1.14 vol ts .  The t e s t  has been included 
i n  order t o  ve r i f y  the cycle l i f e  capabi l i ty  of the f l i g h t  b a t t e r i e s  
p r io r  t o  launch, but w i l l  a l s o  enable t e s t  r e s u l t s  t o  be corre la ted with 
previous t e s t i n g  performed on s imi lar  bat tery  designs a t  HAC. 
The r e a l  time ec l i p se  shortened s o l s t i c e  t e s t  is a much more 
representa t ive  t e s t  of in-orbit  conditions and, i n  pa r t i cu l a r ,  the 
post-eclipse sequent ia l  charging scheme. Three 8-cell  qua l i f i c a t i on  
ba t t e ry  packs and a 6-cell  engineering pack a r e  subjected t o  20 GEO 
ec l ipse  seasons i n  r e a l  time, with the intermediate s o l s t i c e  t r i c k l e  
charge period shortened t o  14 days. Reconditioning i s  performed p r i o r  
t o  each ec l ipse  season. The discharge and charge p ro f i l e s  used t o  
simulate each GEO ec l ipse  season a r e  shown i n  Table 3. T'ne p ro f i l e s  
r e f l e c t  the a c tua l  ec l ipse  da i ly  l eve l s  i n  terms of charge and discharge 
times, charge and discharge r a t e s ,  and the  sequential  bat tery  charging 
scheme. 
The engineering packs have been u t i l i z ed  t o  allow gauge c e l l s  t o  be 
included f o r  c e l l  pressure monitoring and t o  enable easy addit ion,  and 
removal of c e l l s  f o r  des t ruc t ive  physical and chemical analysis .  
For the purposes of evaluating the performance of the new separator ,  2 
c e l l s  with the new separator were included i n  each of the engineering 
packs, while one of the  r e a l  time qua l i f i ca t ion  packs was assembled 
t o t a l l y  from c e l l s  using the new separator. Two d i f f e r en t  p la te  l o t s  
have been used i n  preparing the  l i f e  t e s t  c e l l s .  Half the  FS2117 
separator  c e l l s  were assembled from each p l a t e  l o t .  
THE NEW SEPAR.4TOR 
A comparison of the physical  and chemical proper t ies  of the 2505 and 
FS2117 separator  i s  summarized i n  Table 4. The 2505 data i s  taken from 
the Sealed-Cell Nickel-Cadmium Battery Applications Manual ( re f .  11, 
while t he  FS2117 data  has been supplied by the  General E l ec t r i c  Battery 
Business Department. I n  general,  the  property values quoted a r e  t yp i ca l  
r a the r  than spec i f i ca t ion .  
S ign i f i can t  property di f ferences  between the separators  and the'-impact 
these may have on c e l l  performance and design parameters a r e  discussed 
below, 
PHYSICAL/CHEMICAL PROPERTY DIFFERENCES 
The FS2117 s e p a r a t o r  i s  denser  a s  a  j o i n t  r e s u l t  of t h e  use of Nylon 66 
and t h e  ca lendar ing  process .  The ca lendar ing  process  has  been used t o  
bond and reduce the  th i ckness  of t h e  separa tor .  No s p e c i f i c  d a t a  on t h e  
t e n s i l e  s t r e n g t h  and e longat ion  was ava i l ab l e ;  however t hese  p r o p e r t i e s  
should be comparable. 
E l e c t r o l y t e  abso rp t ion  and a i r  permeabi l i ty  a r e  lower, a s  expected f o r  
t h e  FS2117 s e p a r a t o r .  The 35% inc rease  i n  d e n s i t y  matches w e l l  w i th  t h e  
30% decrease  i n  e l e c t r o l y t e  r e t e n s i o n  and a i r  permeabil i ty .  
I m p u r i t i e s  i n  t h e  form of a n t i - s t a t i c  coa t ings  a r e  present  on both t h e  
FS2117 m a t e r i a l s .  No information i s  a v a i l a b l e  on t h e s e  coa t ings  however 
t h e  FS2117 s e p a r a t o r  i s  subjec ted  t o  t he  same wash t rea tments  t o  remove 
t h e s e  a s  t h e  2505 m a t e r i a l .  The e f f e c t i v e n e s s  of the  t reatment  i s  
checked by a  foam t e s t .  The above, whi le  l ack ing  any degree of 
t e c h n i c a l  s o p h i s i c a t i o n ,  appears  t o  work. The only concern here i s  t h a t  
some r e s i d u a l  i m p u r i t i e s  may be d i f f e r e n t  and have a  s i g n i f i c a n t  impact 
on c e l l  performance; t h i s  has  occured i n  t h e  p a s t  where d i f f e r e n t  and 
appa ren t ly  accep tab le  s e p a r a t o r s  have been s u b s t i t u t e d .  
No s p e c i f i c  d a t a  i s  a v a i l a b l e  on hydro lys i s  r e a c t i o n  r a t e s  f o r  t h e  
FS2117 s e p a r a t o r .  However, w i th  t h e  use  of Nylon 66, t he  FS2117 
m a t e r i a l s  breakdown r a t e  i n  KOH e l e c t r o l y t e  should be s i g n i f i c a n t l y  
l e s s .  The r e a c t i o n  r a t e  i s  a l s o  a f f e c t e d  by t h e  bonding method and 
exposed s u r f a c e  a rea .  
EXPECTED CELL PERFORWCE DIFFERENCES 
A number of f l i g h t  performance d i f f e r e n c e s  can  be expected a s  a  r e s u l t  
of t he  above phys i ca l  and chemical d i f f e r e n c e s  i n  t h e  separa tors .  The 
d i f f e r e n c e s  i n  performance a r e  expected t o  be minor, but  they can e a s i l y  
be co r r ec t ed  i n  f u t u r e  f l i g h t  b a t t e r y  a p p l i c a t i o n s  of t h e  sepa ra to r .  
The c o r r e c t i o n  would inc lude  only s l i g h t  changes i n  t h e  present  c e l l  
design and a c t i v a t i o n  procedures i n  order  t o  f i n e  tune the  c e l l  f o r  t h e  
2117 s e p a r a t o r .  
Precharge t o  overcharge l e v e l s :  Second gene ra t ion  NiCd c e l l s  t y p i c a l l y  
s p e c i f i e d  a 35 - 40% precharge l e v e l  on t h e  oega t ive  Cd p l a t e  i n  o rde r  
t o  prevent  vo l t age  fad ing  of t he  c e l l  dur ing  d ischarge  e s p e c i a l l y  a t  
beginning of l i f e .  Hydrolysis  of t h e  s e p a r a t o r  and subsequent ox ida t ion  
of t he  products  i n c r e a s e s  the  precharge l e v e l  a t  the  expense of 
overcharge p r o t e c t i o n  a s  t he  sepa ra to r  breaks down over l i f e .  Hence t h e  
present  genera t ion  of NiCd c e l l s  now s p e c i f y  only  30 - 35% precharge i n  
order  t o  maintain a  h igher  overcharge p r o t e c t i o n  l e v e l  a t  end of l i f e .  
The lower hydro lys i s  r a t e  of the  2117 s e p a r a t o r  w i l l  r e s u l t  i n  a  lower 
o v e r a l l  precharge l e v e l s  and w i l l  be somewhat more prone t o  vo l t age  
fad ing  problems a t  beginning of l i f e  and, i n  p a r t i c u l a r ,  a t  low 
t empera ture ,  This  has  i n  f a c t  been observed wi th  i n i t i a l  O°C capac i ty  
t e s t s .  However a f t e r  a  30 cyc le  burn-in t e s t ,  no s i g n i f i c a n t  
d i f f e r e n c e s  a t  normal ope ra t ing  temperatures  have been recorded. 
E l e c t r o l y t e  Retension & Red i s t r ibu t ion :  One of t h e  major l i f e  l i m i t i n g  
f a c t o r  f o r  NiCd c e l l s  i s  dry ing  of t h e  s e p a r a t o r .  This  occurs over l i f e  
a s  t h e  p l a t e s  s w e l l  and t h e  e l e c t r o l y t e  mig ra t e s  out  of t he  sepa ra to r  
and i n t o  t h e  p l a t e .  The lower e l e c t r o l y t e  r e t e n s i o n  c a p a b i l i t y  of t h e  
2117 s e p a r a t o r  would have aggravated t h e  problem on o lde r  c e l l s .  
However t h e  use  of t e f l o n a t e d  nega t ives  and increased  e l e c t r o l y t e  
q u a n t i t i e e s  ( 3  t o  4 cm3/lh-hr) should obv ia t e  t h e  problem a t  l e a s t  f o r  
7 year  appl ica t ions i ,  E l e c t r o l y t e  r e d i s t r i b u t i o n  w i l l  be l e s s  n o t i c e a b l e  
over s h o r t  per iods  of t ime, t h e  e f f e s t  of t h i s  has a l r eady  been 
demonstrated i n  t h e  q u a l i f i c a t i o n  c e l l  capac i ty  d i f f e r e n c e s  observed 
between t h e  2117 and 2505 s e p a r a t o r s  a f t e r  a 20 day s tand  period. 
Overcharge Pressure :  The h ighe r  d e n s i t y  of t h e  FS2117 s e p a r a t o r  w i l l  
reduce t h e  amount of f r e e  void volume f o r  gas  expansion i n  t h e  c e l l  and 
t h u s  i n c r e a s e  c e l l  overcharge pressure  u n l e s s  t h e  e l e c t r o l y t e  l e v e l  o r  
c e l l  f r e e  volume i s  s u i t a b l y  increased.  I n  a d d i t i o n ,  t h e  lower gas  
permeabi l i ty  of t h e  2117 sepa ra to r  may decrease t h e  oxygen recombination 
r a t e  and t h i s  a l s o  i n c r e a s e  c e l l  overcharge pressure .  
LIFE TEST STATUS AND RESULTS 
L i f e  t e s t i n g  commenced i n  J u l y  1984. The throughput t e s t  w i l l  r e q u i r e  
10  months t o  complete 900 d ischarge /charge  c y c l e s ,  whi le  t h e  rea l - t ime 
e c l i p s e  shortened s o l s t i c e  t e s t  w i l l  need 3.5 yea r s  t o  complete 20 
seasons.  A t  t h e  t ime of w r i t i n g ,  115 cyc le s  and one e c l i p s e  season have 
been completed oq t h e  r e s p e c t i v e  t e s t s .  
The 2505 and FS2117 s e p a r a t o r  c e l l  end of charge and end of d i scha rge  
v o l t a g e s  from the  through-put and rea l - t ime e c l i p s e  t e s t  a r e  shown i n  
Figure 3 through 6. FS2117 sepa ra to r  c e l l  performance, a t  t he  present  
e a r l y  s t a g e  of t e s t i n g ,  matches w e l l  w i th  t h e  2505 s e p a r a t o r  c e l l  
gerformznce, FS2117 s e p a r a t o r  c e l l  vo l t ages  a r e ,  i n  gene ra l ,  bounded by 
the  upper and lower vo l t age  ranges observed on the  2505 s e p a r a t o r  c e l l s .  
The through-put and real- t ime e c l i p s e  t e s t  behaviour of t h e  2505 
s e p a r a t o r  c e l l s  i s  a l s o  normal. I n  p a r t i c u l a r  t h e  s e q u e n t i a l  charg ing  
scheme has had no s h o r t  term a f f e c t  on t h e  rea l - t ime e c l i p s e  t e s t  
performance of t h e  c e l l s .  
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Table 1. POWER SUBSYSTEM CHARACTERISTICS AND PERFORMANCE 
I ?-lain bus v o l t a g e  range  
I Spinning 
1 Despun 
I !linimum a t  l o a d s  
1 Minimum t r a n s i e n t  ( s q u i b  f i r i n g )  
I 
1 S o l a r  a r r a y s  
/ Expected main a r r a y  power a t  29.3V 
1 21 June s o l s t i c e  
1 21 September equinox 
I 
I Charge a r r a y  c u r r e n t  a t  50.6V 
I T r i c k l e  ( 2 1  June)  
I T r i c k l e  (21 September) 
I Medium ( 2 1  September) 
I 
I B a t t e r i e s  
I Number p e r  s p a c e c r a f t  
I C e l l s  p e r  b a t t e r y  
I Capaci ty per  b a t t e r y  
I Average e c l i p s e  v o l t a g e ,  BOL 
I 
1 Discharge c o n t r o l l e r  
I 
I 
I Input  v o l t a g e  
I Output v o l t a g e  
I 
Sun l igh t  E c l i p s e  
30.0+0.5V 29.120.1V 




1 9 K 1 w  
1163.5W 
P o s t e c l i p s e  T r a n s i e n t  





One u n i t  w i t h  two redundant, c o n s t a c t  power, I 
pulse  width modulated c o n t r o l l e r s .  I 
I 
1 Charge and r e c o n d i t i o n i n g  u n i t  Configures  f o u r  s o l a r  pane l  t r i c k l e  (T) and I 
I medium (MI boost  a r r a y s  and s e l e c t s  two I 
I r e c o n d i t i o n i n g  l o a d s .  I 
I I 
I Charge c o n f i g u r a t i o n s  
I Recondit ioning l o a d s  
I 
1 Bus l i m i t e r s  
I 
I 
I S e t  and t a p  p o i n t s  
I L i m i t e r  A 
I L i m i t e r  B 
I L i m i t e r  C 
I L i m i t e r  D 
I 
1 Bat te ry  c e l l  v o l t a g e  monitor  
I 
I 
Redundant u n i t s  w i t h  f o u r  i n d i v i d u a l l y  
commandable l i m i t e r s  per  u n i t .  
I 
29.62V a t  c e l l  23 of 69 t o t a l  ( a f t )  I 
29.86V a t  c e l l  23 t o  69 t o t a l  ( a f t )  I 
30.10V a t  c e l l  1 9  t o  66 t o t a l  (fwd below r a d i a t o r )  1 
30.34V a t  c e l l  1 8  t o  66 t o t a l  (fwd above r a d i a t o r )  1 
I 
One u n i t  per  b a t t e r y  measures c e l l  v o l t a g e  w i t h  I 
4  mV accuracy.  I 
I 
( B a t t e r y  Heater  C o n t r o l l e r s  Two u n i t s ,  each w i t h  redundant c o n t r o l l e r s ,  
I maintain minimum b a t t e r y  temperature of 5OC 
i 
I 
I (41°F) Nominal s e t p o i n t  is  6.4"C (43.S°F). I 
Table 2. AUSSAT NiCd BATTERY CELL DESIGN PARAMETERS 
27 A-hr capac i ty  a t  10°C. 
1.09 aspec t  r a t i o  . 
9.31 x 8.57 x 0.0647 cm coined p l a t e s .  
1 5  posi t ive116 negat ive p l a t e s .  
0.2mm in t e r - e l ec t rode  spacing. 
304L s t a i n l e s s  s t e e l  case.  
GE b u t t  geometry f o r  p o s i t i v e  terminal .  
Common case  t o  nega t ive  terminal.  
Pe l lon  2505 separa tor .  
10.2 g/dm2 p o s i t i v e  p l a t e  loading.  
13.9 g/dm2 negat ive  p l a t e  loading.  
5mAIcm2 nominal cur ren t  dens i ty .  
80% nominal s i n t e r  void volume. 
30-35% pre-charge. 
50% excess  nega t ive  overcharge pro tec t ion .  
TFE negat ives  . 
3.2 cc/A-hr e l e c t r o l y t e  (31% KOH). 
Less than 3 g / l  carbonate.  
-18°C t o  40°C s u r v i v a l  temperature. 
8 ° C  average case  temperature. 
Table 3. REAL TIME ECLIPSE TEST PROFILES 
Ecl ipse  Discharge High Rate Charge To ta l  T r i c k l e  
Day Time Charge Time Charge Time 
(min. > (min . > (hours) 
Notes: 1. Sequent ia l  recharge scheme used. 
2. High r a t e  charge time s i zed  t o  g ive  a  100% A-hr. r e t u r n .  
3.  Discharge r a t e  is  f ixed  a t  C12.25 (12.0 Amperes). 
4.  High r a t e  charge is  f ixed  a t  C/13.5 ( 2.0 Amperes). 
5. T r i ck l e  charge r a t e  i s  f ixed  a t  Cl67.5 (0.4 Amperes), 
Table 4. COMPARISON OF 2505 and 21 17 SEPARATOR PROPERTIES 
Property 
Filament Type 
Weight ( gm/m2) 
2/3 Nylon 66 
l / 3  Nylon 6 
Thickness (mm16 0.38 - I- 0.07 0.30 
Breaking Strength (kg) 
P a r a l l e l  t o  machine d i r e c t i o n  2.3 N A ~  
Across machine d i r ec t ion  3.2 NA 
E lec t ro ly t e  absorpt ion (wt-%) 800(min) 580 
A i r  Permeabili ty 200(mfn) 
(cfm f t 2  a t  0 - 5  in .  Hz01 
Bonding method   he mi c a l 3  Heat 4 
Calendaring No yes4 
Residual Impur i t ies  Ant i - s ta t ic  coat ing;  both mater ia l s  a r e  
t r ea t ed  by GE t o  remove these.  
Hydrolysis Reaction Rates  No quantitatj lve da ta  however Nylon 66 
oxidation r a t e  i s  l e s s  than Nylon 6 .  
Shrinkage 1% (maw) 
(31% #OM, 70°C, 200 hrs) 
Wetabi l i ty  
(minutes i n  31% #OH) 
Notes: 1. Typical measured values taken from reference  -1. 
2. From data  suppl ied by G.E. 
3. S t ab i l i zed  zinc ch lor ide  bonded nylon. 
4. Hot i n e r t  gas (argon) bonded nylon. 
5. No data  ava i l ab l e .  
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